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AL. Ifaac Newtons An fiver to fome Confederations upon his Do*. 
Urine of Light and Colors 3 nbich DoUrine was printed in 
iVumb. 80. ofthefe Trafts. 

S l\, 1 have already told you, that at the perufal of the con- 
federations, you fent me, on my Letter concerning Refrac¬ 
tions and Colors , I found nothing, that, as I conceived,might 
not without difficulty be anfwer’d. And though 1 find the 
Confiderer feme what more concern’d for an Hypotbefs, thau I 
expedited3 yet I doubt not, but we have one common defigu 3 
I mean, a fincere endeavour after knowledge, without valuing 
uncertain (peculations for their (ubtleties, or defpifing cer¬ 
tainties for their plainnefs : And on confidence of this it is, 
that I make this return to his difeourfe.* 

The fir ft thing that offers it felf 
is lefs agreeable tome, and l begin 
with it becaufe it is fo. The confi¬ 
derer is pleafed to reprehend me 
for laying afide the thoughts of im¬ 
proving Optiques by \efratlions. 
If he had obliged me by a private 
Letter on this occafion, I would 
Have acquainted him with my fuccefles on the Tryals I have 
made of that kind, which 1 (hall now fay have been lefs than 
1 lotnetimes expedited, and perhaps than he at prefent hopes 
for. But fince he is pleafed to take it for granted, that I have 
let this fubjedpafs without due examination, I ffiallrefer him 

to my former Letter, * by which 
that conjecture will appear to be 
un-grounded. For, what I Laid 
there, was in refped of Telefcopes of the ordinary conftrudh 
on, fignifying, that their improvement is not to be expected 
from the ivellfguring of Glaffes, as Opticians have imagin’d j 
but I defpaired not of their improvement by other conftru- 
dions 3 which made me cautious to infert nothing that might 
intimate the contrary. For, although fucceffive refradions 
that are all made the fame way, do neceflarily more and more 
augment the errors of the firft refradion 5 yet it feem’d not 
impoffible for contrary refradions fo to corred each others 
inequalities, as to make their difference regular 3 and, if that 

could 


* Which Difeourfe wat thought 
ntedlijs to be here printed at length, 
becaufe in the body of tht> Anpwer 
are to be met with the chief particu¬ 
lars, luhetein the Anfwerer was 
concern'd* 

1. Of the Prague part of Op - 
ti^ues* 


* Printed in Numb. 80. of theft 
trails. 
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could be conveniently effe&ed, there would be no further dif«. 
ficulty. Now to this end I examin’d, what may be done not 
only by Glajffes alow, but more efpecially by a Complication of 
divers fucceffive Mediums 3 as by two ormoreGlafies or Cry- 
ftals with Water or fome other fluid between them; all which 
together may perform the office of one Glafs , efpecially of the 
Obje<Sfc-gIafs, on whofecouftrudtton the perfe&ion of the in- 
ftrument chiefly depends* But what the refults in Theory or 
by Tryals have been, I may poilibly find a more proper occa- 
fion to declare. 

To the Aflertion, that Elays are lefs true refletted to a point 
by a Concave , than refracted by a Convex, I cannot aflfent 5 nor 
do I underftand, that the focus of the latter is lefs a line than 
that of tfhe former. The truth of the contrary you will rather 
perceive by this following Table, computed for fuch a Refiec* 
ting Concave , and Refracting convex , on fuppoficion that they 
have equal Apertures, and collect parallel rays at an equal di- 
ftauce from their vertex ; which diftance being divided into 
15000 parts, the Diameter of the Concave Sphere will be 
60000 ofthofe parts, and of the Convex, 10000 5 fuppofing 
the Sines of Incidence and Refraction to be, in round num¬ 
bers, as 2 to 5. And this Table (hews, how much the exterior 
rays, at feveral Apertures, fall fliort of their principal foettt. 


The farts of the Axis intercepted 

The Diameter between the vertex and the rays. The Error by 


of the Aperture . 

Refletted . 

i Ref railed. 

1 Reflexion 

Refra&ton • 

2000 

1 1499 if 

14865 

~~ Sf 

135 • 

4000 

j 14966 

, 14449 

3 3 

551 * 

6000 

14924 

13699 

76 

1301 . 

8000 1 

14865 

12475 

15s 

25 s : 

I0000 1 

14787 

9472 i 

' 213 

L ssa8 . 


By this you may perceive, that the Errors of the Refracting 
convex are fo far from being lefs^ that they are more than fix- 
teen times greater than the like errors of the 7 \eflectingConcqye, 
efpecially in great Apertures 5 and that without refpe< 3 : to the 
Heterogeneous conftitution of light. So that, however the 
contrary fuppoficion might make the Author of thefe Animad* 
verfionsrejedt Refections m ufelefs for the promoting of Op- 
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tiques; yet I mud for this as well as other coufideratio ns pre 
for them intheTheory before Refractions. 

Whether the Parabola be more difficult to defcribe than the 
Hyperbola or Ellipfts, may be a Quaere i But I fee noabfolute 
necefiity of endeavouring after any of their defcriptions, For, 
ifMetals can be ground truly Spheric.il, they will bear as great 
Apertures, as 1 believe men will be well able to communicate 
an exact polifh to. And for Dtoptrique Telefcopes, I told 
you, that the difficulty confided notin the Figure of theglafs, 
but in the Difformity of Refractions : Which if it did nor, l 
could tell you a better and more eafie remedy than the ufe 
of the Conic Scdions. 

Thus much concerning the Vraetique 
fart. th * T * 0Ui * e part of Opriqucs. 1 fhall now take a view 
ofthe Confiderations on mv'Theories. And 
thofe confift in afcribing an Hypothecs to me,which is not minej 
in Afferting an Hypothecs, which, as to the principal parts, is 
notagainft me 3 in Granting the greated part of my dtfcourie 
ifexplicated by i\nt Hypotbefis $ and in Denying fome things, 
the truth of which would have appear’d by an experimental 
examination, 

Ofthefe Particulars I fhall difeourfe in 
order - Auci firdof the Hypethefis, which 
is aferibed to me in thefe words: But grant 
his firji fu ppofition, that light is a body, and that as many colours or 
degrees as there may be, [0 many bodies there may be ; all rvhicb com¬ 
pounded together rvculdmake White, &c. This, it feems, is taken 
for my Hypothecs. ’Tis true, that from my Theory I argue the 
Corporeity of Light; but I do it without any abfolute pofitivc- 
nefs, as the word perhaps intimates 3 and make it at mod but a 
very plaulible confequence of the Doctrine, and not a funda¬ 
mental Suppofition, nor fo much as any part of it • which was 
wholly comprehended in the precedent Propofitions, And I 
iomewhat wonder, how the Objector could imagine, that,w'hen 
I had afTerted the Theory with the greated rigour, I fhould 
be fo forgetful as afterwards to affert the fundamental fiippo-= 
fition it felf with no more than a perhaps. Had I intended any 
inch Hypothecs, I fhould fomewhere have explain'd it. But I 
knew, that the Properties, winch 1 declar’d of Light, were in 

fome 
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fome meafure capable of being explicated not only by that, 
bat by many other Mechanical Hypothefes . And therefore I 
chofe to decline them all, and to fpeak of Light in general 
terms, confidering itabftratftly, as fomething or other propa« 
gated every way in (freight lines from luminous bodies, with, 
out determining, what that Thing is; whether a confufed 
Mixture of difform qualities, or Modes of bodies, or of ,Bo«^, 
'biesthemfelves, or of any Virtues, Powers* or Beings what- 
fbever. And for the lame reafon I chofe to fpeak of Colours 
according to the information of our Senfes, as if they were 
Qualities of Light without us. Whereas by that Hypothecs ( 
muft have coofidered them rather as Modes of Senfation, ex* 
cited in the mind by various motions, figures, or fizes of the 
qorpulcles of L'ght, making various Mechanical impreffions 
ohthe Organ ofSenfe* as 1 exprefled it in that place, where I 
fpake of the Corporeity of Light. 

Butfuppofing I had propounded that Hypothecs, I under- 
ffand not, why the Obje&offhould fo much endeavour to op- 
pole it. For certainly it h&s a much greater affinity with his 
own Hypothecs) than he feems to be aware of i the Vibrations 
of the Either being as ufeful and neceflary in this i as in bis. For ; 
affirming the Rays of Light to be fmali bodies, emitted evety 
way from Shining fubftances, thole, when they impinge on 
any Refracting or Reflecting fuperficies,. muft as necefTarily 
excite Vibrations in the atber , as Stones do in water when 
thrown into it. And fuppofing thefe Vibrations to be of fc- 
veral depths or thicknefles, accordingly as they are excited by 
the faid corpufcular rays of various fizes and velocities^! what 
ufe they will be for explicating the manner of Reflection and 
Refraction, the production of Heat by the Suu-beauis, the L • 
miffion of Light from burning putrifying, or other fubftar.ces, 
whofe parts are vehemently agitated, the Yh&wmma of thin 
tranfparent Plates and Bubles s and of all Natural bodies, the 
Manner of Vifion, and the Difference of Colors, as alfo their 
Harmony and Difcord s 1 fliall leave to their confid .-ration, 
who may think it worth their endeavor to apply this Hypothecs* 
to the felution ofpb*iiomen<i, 
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Iptkefecondptace, I told you,that the Objectors Hypothecs, 

. asto the fundamental part of it, is 
no.agaiaft me- That fundamemal 
Jbitumn that and all other Meek*- Sttppofition IS > That the parts of 
fctS^ thefe> " tmfo,mMno m} bodies , when briskly agitated , do ex¬ 
cite Vibrations in the ALther^ which are 
propagated every way from thofe bodies in freight lines , and caufe a 
Senfation of Light by beating and daffjing againfl the bottom of the 
Eye , fame thing after the manner that Vibrations in the Air caufe a 
Senfation of S oundby be/nting againfl the Organs of Hearing. Now, 
the moft freeand natural Application of this Hypothefs to the 
Solution of phenomena I take to be this: That the agitated parts 
of bodies, according to their feveral fizes, figures, and mo* 
fiont, do excite Vibrations in the tether ofVarious depths or 
bignefles,which being promifeuoufly propagated through that 
Medium to our Eyes,effed in us a Senfation of Light of a White 
colour; but if by any means thofe of unequal bignefles be fe* 
parated from one another, the largeft beget a Senfation of a 
Red colour, the leaft or fliorteft, of a deep Violet, and the in- 
termediatones, of intermediat colors j much after the man¬ 


ner that bodies, according to their feveral fizes, fhapes, and 
motions, excite vibratious in the Air of various bignefles, 
Which, according to thofe bignefles, make feveral Tones in 
Sound-' 'that the largeft Vibrations are beft able to over¬ 
come the refinance of a Refrading fuperficies, and fo break 
through it with leaft Refradion 5 whence the Vibrations of 
feveral bignefles, that is, the Rays of feveral Colors, which 
are blended together in Light, muft be parted from one ano¬ 
ther by Refradton, and fo caufe the Phenomena of Pnfmes and 
other refrading fubftances: And that it depends on the thick - 
nefsofa thin tranfparent Plate orBuble, whether a Vibration 
fhall be reflected at its further fuperficies,or tranfmitted ; fo that, 
according to the number of vibrations, interceding the two 
fuperficies,they may be refleded or tranfmitted for many fuc- 
ceflive thicknefles. And fince the Vibrations which make 


Blew and Violet l are fuppofed fhorter than thofe which make 
Red and Tellow y they muft be refleded at a lefs thicknefs of the 
Plate ; Which is fufficient to explicate all the ordinary pheenot 
menu of thofe Plates orBubl@s ; and alfo of all natural bodies, 

whole 
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whofe parts are |Iike fa many fragments of fuch Plates. 

Thefe feem to be the moft plam, genuine-and neceffary 
conditions of this Hypothejin And they agree fo juttly with my 
Theory, that if i\& Aaimadverfa think he to apply them, he 
need not, on that account, apprehend a divorce from it, But 
yet how he will defeud it from other difficulties, I know nor. 
For, to me, the Fnndanjieotal Supposition it felf feems impof- 
fible • namely,That the Waves or Vibrations of any Fluid,can, 
like the Rays of Light, be propagated in Streiqht lines,without 
a continual and very extravagant Spreading and bending every 
way into the quiefeent Medium, where they are terminated 
by it. 1 miftake, if there be not both Experiment and De- 
monftration to the contrary*. And as to the other two or three 
Hypothecs, which he mentions, I had rather believe them fub* 
jett to the like difficulties,than [ufyc&t\\zJnimadverf jr fhould 
iele&the worft for his own. 


What 1 have faid of this, may be eafily applied to all other 
Mechanical Hypothecs, in which Light is (uppofed to be caufed 
by any Preffion or Motion whatfoever, excited in the <ether by 
the agitated parts of Luminous bod ies,For,it feems impoflible, 
that any of thofe Motions or Preffions can be propagated in 
streight lines without the like fpreading every way into the- 
fliadow'd Medium, on which they border. But yet, if any 
man can think it pofiible, he muft at leaft allow,that thofe Mo* 
tions or Endeavors to motion, caufed in the tether by the feve- 
ral parts ofany Lucid body that differ in fize, figure, and agi- 
tation,muft neceflarily be unequal .* Which is enough to de¬ 
nominate Light an Aggregatot difformr&ys, according to any 
of thofe Hypothdes. And if thofeOriginai inequalities may 
fuffice to difference the Rays in Colour and Refrangibility, I 
fee no reafon, why they, that adhere to any ofthofe hypothecs, 
fliould feek for other Caufes of thefe Effe&s, uolefs (to ufe the 
Objectors argument) they will multiply entities without ce- 


ceffity. 

The third thing to be conlidered 
jinimadverfor's Conceffions, which 
is, that I would explicate my Theo¬ 
ries by his Hypothecs: And if I could 
comply with him in that point, 


is, the Condition of the 

f. Of tht Aniipadverfor ’s Concejfm 
mit, and thm limitation to bis Hypo - 
I bifis. 


there 
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there would be little or no difference between Us. For he 
grants, that without any refpece to a different Incidence of 
rays there aro different Refra&iom; but he would have it ex¬ 
plicated, not by the different Refrangibility of feveralRays, 
but by the’Splitting and Rarefying of aethereal pulfes. He 
grants my third, fourth and fixth Propofitions; the fenfe of 
which is, That Un=Compounded Colors are unchangeable,and 
that Compounded ones are changeable only by refolving theta 
into the colors, of which they are compounded » and that all 
the Changes, which can be wrought in Colours, are effedted 
only by varioufly mixing or parting them • But he grants them 
on condition that I will explicate Colors by the two fides of a 
fplitpulfe, and fo make but two Jpeciei of them, accounting 
all other Colors in the world to be but various degrees and di- 
lutings of thole two. And he further grants, that tvbitenefle is 
produced by the Convention of all Colors; but then I mult al> 
low it to be not only by Mixture ofthbfe Colors, but by a far¬ 
ther Uniting of the parts of the Ray fuppofed to be formerly 
fplit. 

If I would proceed to examine thefe his Explications, I 
think it would be no difficult matter to fhew, that they are not 
only infujfficientfbnt in lome refpectsto me ("at leaft) unintelli¬ 
gible, For, though it be eafie to conceive, how Motion may be 
dilated and fpread, or how parallel motions may become di- 
verging^ yet Iunderftand not, by what artifice any Linear 
motion can by a refracting fuperficies be infinitely dilated and 
rarefied, fo as to become Superficial : Or, if that be fuppofed, 
yet I underftand as little, why it fhould be fplit at fo fmall an 
angle only, and not rather fpread and difpc-fed through the 
whole angle of Refraction. And further, though I can eafily 
imagine, how Uolike motions may crofs one another 5 yet I 
Cannot well conceive,how’they fbonld coaiefce into one uniform 
motion, and then part again, and recover their former Un- 
likenefs $ notwichftanding that I conjecture the ways,by which 
the Animadverfor may endeavour to explain it. So that the Di« 
rect, uniform and undifturbed Pulfes fhould be fplit and di- 
fturbed by Refraction g and yet the Oblique and difturbed 
Pulfes perfift without fplitting or further difturbance by fol¬ 
lowing Refractions, is (to me) as unintelligible. And there is 

as 



( $001 ) 

as great a difficulty in the Number of Coloursyas you will fee 
hereafter. 


But whatever be the advantages .. 

* • / jj lj 6 7hsi ittntit Htctffarr, t$ limit §r 

or disadvantages of this Hypotbejtt, (X piMM my DoQrUu hy any Hypo- 
I hope I may be exculed from ta- thefts, 
king it up, Since I do not think it 

needful to explicate my Doctrine by any Mypothejis at all. For 
if Light becoofider'dabftra&edly without refpettto any By- 
pothejis , I can os eafily conceive, that the Several parts of a ffci- 
ning body may emit rays of differing colours and other quali* 
ties, of all which Light is constituted, as that the feveral parts 
of a falSe or uneven firing, or of uneavenly agitated water in 
a Brook or Cataratfi, or the Several Pipes of an Organ inspi¬ 
red all at once, or all the variety of Sounding bodies in the 
world together. Should produce founds of feveral Tones, and 
propagate them through the Air confufedly intermixt. And, 
if there were any natural bodies that could refleH founds of one 
tone, and Stifle or tran/mit thoSe ofanother; then, as the Echo 


of a confuted Aggregat of. all Tones would be that particular 
Tone, which the Echoing body is difpofed to refledt} So,fince 
(even by the Animadver jot's conceffions) there are bodies apt 
to reflect rays of one colour, and Stifle or tranflnit thofe of ano¬ 
ther j I can as eafily conceive, that thofe bodies, when illumi¬ 
nated by a mixture of all colours, muft appear of that colour 
only which they reflect. 

But when the Objector would infinuate a difficulty in thefe 
things, by alluding to Sounds in the firing of a Mufical instru¬ 
ment before percuffion,or in the Air of an Organ Bellowes be¬ 
fore its arrival at the Pipes 5 I mutt confefs, I understand it as 


little, as if one had Spoken of Light in a piece of Wood before 
it be fet on fire, or in the oyl of a Lamp before R afcend up the 
match to feed the flame. 


You fee therefore, how much 
it is befides the bufiueSs in hand, 
to diSpute about Hypctbefes. Foe 
which reaSon I Shall now in the 


7 # The dijficu'utS of the Animad ver* 
Tors difeofirfe abftraf? d fro-n Hy¬ 
pothecs, and cmjidad more gen* 
rally . 


laft place,proceed to abftradt the 

difficulties in the Animadverflor's difeourfe, and,without having 
regard to any Hypothecs } conSider them in general term-. And 
they may be reduced to theSe 3 §juerts : L 1111 i.Whe- 
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1. Whether the unequal Refractions, made without refpeft 

to any inequality of incidence, be caufed by the different Re- 
frangibility of feveralRays; or by the fplitting, breaking or 
diffipating the fame Ray into diverging parts ? v 

2. Whether there be more than two forts of Colours ? 


3. Whether Whitenefs be a mixture of all Colours ? 
n , , ,, The F/r/?of thefe Queeret you 

,thevm\diUud. may find already determin'd by 

an Experiment in my former Let¬ 
ter; the defigu of which was to (hew, That the length of the 
colour’d Image proceeded not from any unevennefs in the 


Glafs, or any other contingent Irregularity in the Refractions. 
Amongft other Irregularities I know nor, what is more obvi* 
ous to fufped, than a fortuitous dilating and fpreading of 
Light after fome fuch manner, as Des-Carta hath deferibed in 
his jE.hereal Refractions for explicating the Tayle of a Comet * 
or as the Animadverfor now fuppofes to be effected by the 
Splitting and Rarifying of his ./Ethereal jpulfes. And tope= 
vent the fufpicion of any fuch Irregularities, I told you, that 
I refracted the Light contrary ways with two Prifmes fuccef- 
fivdy,to deftroy thereby the Regular effects of thefhft Prifme 
by the / econd , and ro difcover the Irregular effects by augment¬ 
ing them with iterated refractions. Now, amongft other Ir* 
regularities, if th efirfl Prifme had fpread and diftipated every 
ray into an indefinit number of diverging parts* the fecond 
fhould in like manner have fpread and diffipated every one of 
thofe parts into a further indefinite number, whereby the I- 
mage would have been ftill more dilated, contrary to the e- 
vent* And this ought to have hapned, becaufe thofe Linear 
diverging parts depend not on one another for the manner of 
their Refraction, but are every one ofthem as truly and com* 
pleatly Rays as the whole was before its Incidence* as may ap¬ 
pear by intercepting them feverally. 

The reafonablenefs of this proceeding will perhaps better 
appear by acquainting you with this further circumftance. I 
fumetimes placed the fecond Prifme in a pofition Tranfverfe to 
the firft , on defign to try, if it would make the long Image be¬ 
come four-fquare by refra&ions crofting thofe that had drawn 
the round Image into a long one. For, ifamongft other Ir¬ 
regularities the Refraction of the frjt Prifme, did by Splitting 

dilate 
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dilate a Linear ray into a Superficial, the Crofs. refratSions of 
that fecond Prifme ought by further fplitting to dilate and draw 
that Superficial ray into a Pyramidal folid. But, upon tryal, 
I found it otherwife ; the Image being as regularly Ob- 
long as before, and inclin’d to both the Prifmes at an angle of 
45, degrees. 

I tryed alfo all other Pofitions of the fecond Prifme, by tur¬ 
ning the Ends about its middle part; and in no cafe could ob 
ferve any fuch Irregularity. The Image was ever alike incli¬ 
ned to'both Prifmes, its Breadth anfwering to the Suns Dia- 
meter, and its length being greater or lefs accordingly as the 
Refraffions more or lefs agreed, or contradicted one ano¬ 
ther. 

And by thefe Obfervations, fince the Breadth of the Image 
was not augmented by theCrofs refraction ofthe/mw/Prifme, 
that refraction mull have been perform’d without any fplitting 
or dilating of the ray ; and therefore at leaft the Light inci¬ 
dent on that Prifme muft be granted an Aggregatof Rays 
equally refrangible in my fenfe. And fince the Image was e- 
qually inclin’d to both Prifmes, and confequentiy the Refra* 
ttiora alike in both, it argues,that they were perform’d accor¬ 
ding to fome Conftant Law without any irregularity. 

To determine (hefecond Qngz- 
re,the A nimadverfor ref errs to a n a'™ mmn f ' Mn ^ 

Experiment made with two 

Wedge-like boxes> recited in the Micrography of the Ingenious 
Mr. Hoo\ Obferv. 10, pag. 75. the defign of which was to 
produce all Colours out of a mixture of two. But there is, l 
conceive, a double defedfc in this inftance. For, it appears 
not, that by this Experiment all colours can be produced out 
of two 5 and, if they could, yet the Inference would not fol¬ 
low* 

That*// Colours cannot by that Experiment be produced 
out of two, will appear by confideripg, that the Timfture of 
AloeS) which afforded one of thofe Colours, was riot all over 
ofone uniform colour, but appear'd yelfow near the edge of 
the Box,and red at other places where it was thicker: affording- 
all variety of colours from a pale yellow to a deep red orScarlet, 
according to the various thicknefs of the liquor. And fb the 

LH|il 2 fciuilOB 



folution of Copper, which afforded the other colour, was of 
various B lews and Indigo's. So that inftead o£ two colours, 
here is a great variety made ufc of for the produ&ion of all o- 
thers. Thus, for injlance i to produce all forts of Greens,the. fe- 
yeral degrees of Tellow and pale Blew muft: be mixed , but to 
compound Purples , the Scarlet and deep Blew are to be the In¬ 
gredients, 

Now, if the Animadverfor contend, that all the Reds and Tel - 
lows of the one Liquor, or Bleres and Indigo's of the other, are 
only various degrees and dilutings of the lame Colour, and not 
divers colours, that is a Begging of the Queftion ; And I 
fhouldas foon grant, that the two Thirds or Sixths in Mufick 
are but feveral degrees of the fame found, and not divers 
founds. Certainly it is much better to believe our Senfes, in¬ 
forming us, that Red and yellow are divers colours, and to make 
it a Fhilofophical Quyere^ Why the fame Liquor doth, accor¬ 
ding to its various thicknefs, appear of thole divers colours, 
than to fuppofe them to be the lame colour becaufe exhibited 
by the fame liquor ? For, if rhat were a fufficient reafon, then 
Blew and. Te/Zorp muft alfo be the fame colour, fince they are 
both exhibited by the lame Tindrure of 'NephritickJVood. But 
that they are divers colours, you will more fully underftand by 
the reafon, which, in my Judgment, is this .* The Tin&ure of 
Aloes is qualified to tranfmit mo[t eajrly the rays indued with red, 
modi difficultly the rays indued with violet , and with intermedi-. 
at degrees of facility the rays indued with intermadiat colours,So 
that where the liquor is very thin, it may fuffice to intercept 
moftof the violet , and yet tranfmit moftof the other colours • 
2II which together muft compound a middle Colour, that is, a 
faint yellow. And where it is fo much thicker as alfo to inter¬ 
cept moftof the Blew and Green, the remaining Green, Yellow , 
and Red,it muft compound an Onnge. And where the thick¬ 
nefs is fo great, that Icarce any rays can pals through itbe- 
lides thofe indued with fed , muft appear of that colour,and 
that fo much the deeper and obfcurer, by how the liquor is 
thicker. And the fame may be underftood of the various de¬ 
grees of Blew , exhibited by the Solution of Copper, by reafon of 
its difpofition to iutercept T\ed moft ealily, and trtfifmit a deep 
Slew or. /W/go-Colour moft freely. 

But - 



( 5°95 ) 

But, fuppoiing that all Colours might,according to this ex 
penmenr,be produced out of trvo by mixture $ yet it follow s 
not, that thole two are the only Original colours, and that fo r 
a double reafon. Firft , becaufe thofe two are not themfelve s 
Original colours, but compounded ofothers; there being no 
Irquor nor any other body in nature,whcfe colour in Day- light 
is wholly un-compouuded. And then, becaufe, though thofe 
two were Original, and all others might be compounded of 
them, yet it follows not, that they cannot be otherwife prcdu-- 
ced. For I faid, that they had a double Origin, the lame Co¬ 
lours to lenfe being in fome cafes compounded and in others 
un compounded; and fnfficiently declar’d in my third and 
fourth Propofitions, and in the Concltifion, by what Properties 
the one might be known and diftinguifh’c from the other. Bur, 
becaufe I fufpe&by fome Circumftances, that the Dijlinttion 
might not be rightly apprehended, I fhall once more declare 
if, and further explain it by Examples. 

That Colour is Primary or Original , which cannot by any 
Art be changed, and whofe Rays are no t alike refrangible : 
And that Compounded , which is changeable into other colours, 
and whofe Rays are not alike refrangible. For injlancc , to 
know, whether the colour of any Green objedtbc compouu* 
dedor not, view it through a Prime, and if it appear confufed , 
and the edges tinged with Blew, TelJorv^ or any variety of o- 
ther colours, then is that Green compounded of fuch colours 
as at its edges emerge cut of it: But if it appear dijlinSl, and 
well defin’d, and entirely Green to the very edges, without 
any other colours emerging, it is of an Original and umcom- 
pounded Green. In like manner, ifa refracted beam cf light, 
being call on a white wall, exhibit a Green colour, to know 
whether that be compounded, refraCt the beam with au ;n- 
terpofed Prifme, and if yGU find any DifFornuty io the refra¬ 
ctions, and the Green be transform’d into Blevo^ Te Horn,ox any 
variety, of other colours, you may conclude, ’that it was com" 
pounded of thofe which emerge: But if the Refractions be 
uniform, and the Green perfift without any change of colour, 
then is it Original and uu compounded. Andthe reafon why 
I call it fo, is, becaufe a Green indued with fuch properties can¬ 
not be produced by any mixing of other colours, 
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Now,if two Objedfcs may to the naked eye appear of 

the fame colour, and yet one of them through a prifme feem 
and variegated with other colours at the edges, and 
the other dijlintt and entirely Green > or, if there may be two 
Beams of Light, which falling on a white wall do to the na¬ 
ked eye exhibit the fame Green colour, and yet one of them, 
when tranfmitted through a Prifme, be uniformly and regu¬ 
larly refra$ed,and retain its colour unchanged, and the other 
be irregularly refradted ancfto divaricate into a multitude of 
other colours $ I fuppofe, thefe tyro greens will in both cafes be 
granted of a different Origin and conftitution. And if by 
mixing colours, a green cannot be compounded with the pro* 
pertiesof the Vncbangeable Green, I think, I may call that an 
Vn-compounded colour, efpecially finceits rays are alike refran¬ 
gible,and uniform in all refpects. 

The fame rule is to be obferv’d In examining, whether J^ed, 
Orenge , Yel/otvfileiv, or any other colour be compounded or 
not. And, by the way, finceall White obje&s through the 
Prifme appear confus’d and terminated with colours, Whitenefs 
muft, according to this diftindtion, be ever compounded, and 
that the moft of all colours, becaufe it is the molt confus’d and 


changed by RefradfcioDS* 

From hence I may take occafion to communicate a way for 
the’improvement ofMicrofcepes by Refradtion. The way is, 
by illuminating the Objcdtina darkncd room with Light of 
any convenient colour not too much compounded: for by that 
means the Microfcope will with diftindinefs bear a deeper 
Charge and larger Aperture, efpecially if its conftrudiion be 
fuch, as I may hereafter defcribe } for, the advantage in Or¬ 
dinary Microfcopes will not be fofenfible. 

_. „ r . r There remains now the third 

io. That Whitemjs a a mixture of t » /*i >j % . , . 

<ncolour;. Quaere to be confider d, which is. 

Whether Whitenefs be an Uniform 


Colour, or a diffimilar Mixture of all colours ? The Experiment 
which I brought to decide it, the Animadverfor thinks may be 
otherwife explain’d, and foconcludes nothing. But he might 
eafily have fatisfied himfelf by trying, what would be the re< 
fult of a Mixture of all colours. And that very Experiment 
might have fatisfied him, if he hadpleafedto examine it by 

the 
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the various circumftances* One circumftauce I there decla¬ 
red^ of which I fee no notice taken; anditis, That if any co* 
Jour at the Lent be intercepted, the Wkitenefi willbe changed 
into the other colours .* If all the colours but red be intercep¬ 
ted, that Red alone in the concourfe or croffing of the Rays 
will not conftitute Whitenefs, but continues as much Red as 
before; and foof the other colours. So that the buhnefs is 
not only to fhew, how rays, which before the concourfe exhi¬ 
bit colours, do in the concour/e exhibit White 5 but to fhew, 
How in the fame place, where the feveral forts of rays apart 
exhibit (everat colours,a Confufiou of all together make White. 
For inftance, if red alone be firft tranfmitted to the paper at 
the place of concourfe, and then the other colours be let fall 
on that Red, the Quejlion w ill be, Whether they convert it in-* 
t > White, by mixing with it only, as Blew falling on Yellow 
light is fuppos'd to compound Green j or, Whether there be 
fume further change wrought in the colours by their mutual 
adding on one another, until!, like contrary Peripatetic qualb 
ties, they become affimdated. And he that fhall explicate this 
laft Ca fe mechanically^ mufi conquer a double impoffibil ty. 
He muft/rj# fhew, that many unlike motions in a Fluid can by 
clafhingfoaft on one another, and change each other, as to 
become one Uniform motion ; and then, that an Uniform mo¬ 
tion can of it felf, without any new unequal impreffions, de¬ 
part into a great variety ofmotions regularly un-equal. And 
after this he muft further tell me, Why all Objects appear 
not of the fame colour, that is, why their colours in the Air, 
where the rays that convey them every way are confufedly 
mixt, do not affimilate one another and become Uniform be¬ 
fore they arrive at the Spectators eye ? 

But if there be yet any doubting,’ti$ better to put the Event 
on further Circumftances of the Experiment , than to acquiefce 
in the poffibility of any Hypothetical Ex plication. As, for in- 
ftance, by trying,What will be the apparition of tnefe colours 
in a very quick Confecution of cne another. And this may be 
eafily performed by the rapid gyration of a Wheel with {many 
Spoaks or coggs in its perimeter, whofe Interfaces and thick* 
neffes maybe equal ana of fuch a largenefs, that, if the Wheel 
beinterpofed between the Prifme and the white concourte 
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of the colours, one halfof the Colours may be intercepted by 
a fpoake or cogg, and the other half pafs through an inter* 
ftice. The Wheel being in this pofture, you may firft turn it 
flowly about, to fee all the colours fall fu-cceffively on the 
fame place of the paper, held at their aforefaid concourfe 5 
and if you then accelerate its gyration, until the Confecution 
of thofe colours be fo quick, that you cannot diftinguilh 
them feverally, the refulting colour will be a Whitenefs per¬ 
fectly like that, which an an-refracted beam of Light exhibits, 
when in like manner fucceffively interrupted by the (poaks or 
coggs of that circulating Wheel* And that this Whitenefs is 
produced by a fucceffive Intermixture of the Colours, with¬ 
out their being affimilated , or reduc'd to any Unifor- 
mity, is certainly beyond all doubt, unlefs things that exift 
not at the fame time may notwithftanding a<ft on one a* 
nother. 

There are yet other Circumftances, by which the Truth 
might have been decided j as.by viewing the White concoarfe 
of the Colours through another Prifme plac’d clofe to the eye, 
by whole Refraction that whitenefs may appear again tranf- 
form’d into Colours: And then, to examine their Origin, if an 
Affiftant intercept any of the colours at the Lent before their 
arrival at the Whitenefs, the fame colours will vanilh from a- 
mongft thofe, into which that Whitenefs is converted by the 
fecond Prifme, Now, if the rays which difappear be the lame 
with thofe that are intercepted, then it muft be acknowled* 
ged, that the fecond Prifme makes no new colours in any rays, 
which were not in them before their concourle at the paper* 
Which is a plain indication, that the rays of feveral colours re¬ 
main difticft from one another in the Whitenefs, and that from 
their previous difpofitions are deriv’d the Colours of the fecond 
Prifme. And, by the way, what is faid of their Colors may be 
applied to their Refrangibility. 

The aforefaid Wheel may be alfo here made uleof 5 and, if 
its gyration be neither too quick nor two flow, the fuc- 
cefsionof the colours may be dilccrn’d through the Prifme, 
whilft to the naked eye of a Byftander they exhibit white* 
nefs. 

There is fomething (fill remaining to be faid of this Expert. 

ment 
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raent. But this, I conceive, is enough to enforce it, and Anode- 1 
cide the controverfy. How*ever, I (hall now proceed to liiew fome 
other, ways of producing fVhitenefs by mixtures, iince I peri wade my 
(elf, that this Affertion above the reft appears Paradoxical, and is 
with moft difficulty admitted. And becaule the Animadva-for -ieflres 
an inftance of it in Bodies of divers colours, I (hall begin with that. 
But in order thereto itmuft be con/ider’d, that fuch colour'd Bodies 
refled butfome part of the Light incident on them ; as is evident 
by the 13 Propofition .- And therefore the Light refleded from an Ag- 
gregat of them will be much weakned by the lofs of many rays.’ 
Whence a perfed and intenfe Whitenefs is not to be expeded, but 
rather a Colour between thofe of Light and Shadow, or fuch a 
Gray or Dirty colour as may be made by mixing White and, Black 
together. 

And that fuch a Colour will refult, may be collided from the 
colour of Dufi found in every corner of an houfe, which hath been 
obferv'd to conlift of many colour'd particles. There may be alfo 
produced the like Dirty colour by mixing feveral Painters colours 
together. And the fame may be effeded by Painting a Top (fuch 
as Boys play with ) of divers colours. For, when it is made 
to circulate by whipping it, it will appear of fuch a dirty co^ 
lour. 

Now, the Compounding of thefe colours is proper to my pur¬ 
pose, becaufe they differ not from Whitenefs in the Species of co¬ 
lour, but only in degree of Luminoufnefs •• which (did not the An- 
imadverfor concede it) I might thus evince. A beam of the Suns 
Light being transmitted into a darkned room, if you illuminate a 
/beet of White Paper by that Light, refleded from a body of a- 
ny colour, the paper will alwaysappear of the colour of that bo¬ 
dy, by whofe refleded light it is illuminated. If it be a red bo¬ 
dy, the paper will be red j if a green body, it will be green; and fo 
of the other colours. The reafon is, that the libers or threds, of 
which the paper confilts, are all transparent and fpecular 5 and fuch 
Jubilances are known to refled colours without changing them. To 
know therefore, to what Species of colour a Grey belongs, place a- 
ny Gray body(fuppofe a Mixture of Painters colours, )in the laid Light, 
and the paper, being illuminated by its reflexion, Hull appear White. 
And the fame thing will happen, if it be illuminated by reflexion 
from a tocl^fubftance, 

Thefe therefore are all of one Species ; but yet they feem ditlin- 
guilht not only by degrees of Luminoufnefs, but alfo by feme other 
Inequalities, whereby they become more harlh or pleafant, And the 
diftindion feems to be, that Greys and perhaps Blacky are made by an 
uneven defed of Light, conlilting as it were of many little veins 
or llrcams, which differ either in Luminoufnefs or in the Unequal di- 

M m nun m ftribution 
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ftribution of diverfly colour’d rays-, fucb as ought to be caus’d by 
Reflexion from a Mixture of white and black, or of diverfly co. 
lour’d corpufcles. But when fuch imperfectly mixt Light is by a fe- 
cond Reflexion from the paper more evenly and uniformly'blended, 
it becomes more pleafant, and exhibits ifuint or ihadowM White- 
nefs. And that fuch little irregularities as thefe may caufe thefe dif- 
fereaces, is not improbable, if weconfider, how much variety may 
becaufedin Sounds of the fame tone by irregular and uneven jar- 
rings. And belides, thefe differences are fo little, that I have fome- 
times doubted, whether they be any at all, when I have conlider’d 
that a Black and White Body being plac’d together, the one in a 
ftrong light, and the other in a very faint light, fo proporti¬ 
on’d that they might appear equally luminous h it has been dif¬ 
ficult to diftinguilh them, when view'd at diitance, unlefs when the 
Black feem’d more blewifli ; and the White body in a light ftill 
fainter, hath, in comparilon of the Black body, it felf appear d 

This leads me to another way of Compounding rvhitenefs ; which 
is Thac if four or five Bodies of the more eminent colours; or a 
paper painted all over, in feveral parts of it, with thofc feveral 
colours in a due proportion, be placed in the faid Beam of Light j 
the Light, reflected from thofc Colours to another White paper, 
held at a convenient diftance, Hull make that paper appear White: 
If it be held too near the Colours, its parts will feem of thofc colours 
that are neareft them; but by removing it further, that all us parts 
mavbe equally illuminated by.all the colours, they will be more and 
more diluted .until they become perfeaiy White. And yon may 
teihtr obferve, that if any of the colour, be intercepted, the Paper 
will no longer appear Whice.butof the other colours which are not 
intercepted. Now, that this WtUmfs » a Minute of the feverally 

it fell confufedly on P^^'XtpTftl^nve^nffcThe r^y" 
from'feveraUolour!, would in no qualities differ from 

^‘another, b” a,lof them exhibit the fame colour to theSpcfta- 

tor, contrary to what he fees. 

Not much unlike this Inftanceit is,That,if a polilht piece of Metal 
.. nlaced that the colours appear in it as in a Looking-glafs, 
and thin the Metal be made rough, that by a confus’d reflev 
. . n r e abDarent colours may be blended together, they (hall 

Appear. S t? their tniJurc caufe the Mc.all to look 

White. Bat 
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But further to enforce this Experiment i if, in Head of the Paper, 1 
any White Erotb, confifting of fmall bubles, be illuminated by re* 
flexion from the aforefaid Colours, it/hall to the naked eye feem 
White, and yet through a good Microfcope the feveral Colours will 
appear diftind onthebubles, as iffecn by reflexion from fo many 
fpherical 'furfaces. With my naked Cye, being very near, I have al« 
fo difeern’d the feveral colours on eachbuble y and yet at a greater 
diftance, where I could not dillinguifli them apart, the Froth hath 
appear’d entirely White, And at the fame dillance, when I look'd 
intently, I have feen the colours diftindly on eachbuble; and yet, 
by draining my eyes as if I would Idok at fomething far off beyond 
ahem, thereby to render the Villon confus'd, the Froth has appear’d 
without any other colour than Whitenefs. And what is here laid, 
of Froths,may eafily be underltood of the Paper or Metal in the fore¬ 
going Experiments. For, their parts are fpecular bodies, like thefe 
Bubles: And perhaps with an excellent Microfcope the Colours may 
be alfo feen intcrruixedly refleded from them. 

In proportioning the feveral !y Colour’d bodies to produce thefe 
effeds,therc may befome nicenefs andit will be more convenient, 
tomakeufe of the colours of the Prifme, caft on a Wall, by whofe 
reflexion the Paper, Metal, Froth, and other White fubilances may. 
be illuminated. And I ufually made my Tryals this way, becaufc 
I could better exclude any fcattering Light from mixing with the 
colours to dilate them. 

fe To this way of Compounding Whitenefs may bereferr’d thato* 
ther, by Mixing light after it hath been trajeded through tranfpa- 
rently colour’d fubilances. For ioflance, if no Light be admitted in¬ 
to a room but only through Colour’d glafs, wnofe feveral parts 
are of feveral colours in a pretty equal proportion; all White things 
in the room (hall appear White, if they he not held too near the 
Glafs. And yet this light, with which they are illuminated, can¬ 
not poffibly be uniform, bccaufe, if the Rays, which at their entrance 
are of divers colours, do in their progrefs through the room fuller 
any alteration to be reduced to an Uniformity; the Glafs would noc 
in the remotefl parts of the room appear of the very fame colour, 
which it doth when the Spectators eye is very near it : Nor would 
the rays, when tranfmicted into another dark room through a little 
hole in an oppolite door or partition-wall, project on a Paper the 
Species or reprefentation of the glafs in its proper colours. 

And, by the by, this feems a very fit and cogent Inftance of fome 
other parts of my ' Theory , and particularly of the 13 Proportion. For, 
in this room all natural Bodies whatever appear in their proper co¬ 
lours. And all the Phenomena of colours in nature, made either by 
Refradion or without it, are here the fame as in the Open Air. 
Now, the Light in this room being Inch a Difiimilar raixtu/e, as 

Mm mmm z i 
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^ have defcrib'd in my Theory , the Caufes of all thefe Phur.omenA 
mull be the fame that 1 have there afllgn’d. And I fee no reafon to 
fufpe&, that the fame Phenomena Ihould have other caufes in the O- 
penAir. 

Thefuccefs of this Experiment may beeafily conjedur’dby the ap¬ 
pearances of things in a Church or Chappel, whofe windores are of 
colour’d glafs s or in the Open A.r, when it is illullratcd with Clouds 
of various colours. 

There are yet other ways, by which 1 have produced JVhitenefs •, as 
by catting leveral Colours from two or more Prifmes upon the fame 
place , h Refrading a B a n of Light with two or three Prifmes fuc- 
(.eflively, to make the diverging colours converge again ; by llefle- 
ding one colour to another; and by looking through a Prifme on an 
Objed of many colours •, and, (which is equivalent to the above men¬ 
tion’d way of mixing colours by concave Wedges fill’d with colour’d 
liquors,) I have obferv’d the lhadows of a painted Glafs-wiodow to 
become White, where thofe ofmany colours have at a great diftance 
interfered. But yet, for further fatisfadion, the Animadvcrfor may 
try, if he pieafe, the effeds of four or five of fuch Wedges filled with 
liquors of as many feveral colours. 

Befides all thefe, the Colours of JV.iter-bubbles and other thin pellu¬ 
cid fubitances afford feveral inftances of Whitenefs produced by 
their mixture • wither of which I fliall conclude this particular. Let 
fome Water, in which a convenient quantity of Soap or walh.ball is 
dilToI v’d, be agitated into Froth, and, after that froth has flood a 
while without further agitation, till you fee the bubbles, of which 
it conlifts, begin to break, there will appear a great variety of colours 
all over the top of every bubble, if you view them near at hand - f but,’ 
if you view them at fo great a diftance that you cannot diftinguilh the 
colours one from another,the Froth will appear pcrfedly White, 

Thus much concerning the delign 
ii. 7W lie Expcrimcntum c rue is and fubftance of the Ammadverfor’s 
isfueh. Confiderations. There are yet fome 

particulars to be taken notice of, be¬ 
fore T conclude ; as the denyal of the Experiments Cruets. On this 
3 chofc to lay the whole itrefs of my difeourfe • which therefore was 
the principal thing to have been objeded againft. But 1 cannot be 
convinced ot its inefficiency by a bare denyal without afligning a 
Reafon for it. I am apt to believe, it has been mifundcrllood ; for 
otherwife it would have prevented the drtcourfes about Raritying 
and Splitting of rays S becaufe the delign of it is, to fhew, that Rays 
of divers colours, conlider’d a part, do at EqnA Incidences fuffer ZJn- 
equul Refradions, without[being fplit, ratified, or any ways dig 
Hated, 
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In the Confiderjttidns of my firft and 
fecond Propofitions, the Animadverfor ,z - Somt particulars ncommMto 
hath rendred my Doctrine of Vn-esjustl ^ u ‘ lhtr ^/“l^ation. 
Refrangibility very imperfect and maim¬ 
ed, by explicating it wholly by the Splitting of rays ; whereas I chiefly 
intended it in thofe Refractions that are perform’d without that fup- 
pos’d Irregularity ; fuch as the Experimentum Cruets might have in¬ 
form’d him of. And, in general I find, that, whilit he hath endea¬ 
vour'd to explicate my Propofitions Hypothetically , the more material 
fuggeftions, by which I delign’d to recommend them, have efcap'd 
bis confideration fuch as are, The Unchangeablencfs of the degree 
of Refrangibility peculiar to any fort of rays-, the ftriCt Analogy be¬ 
tween the degrees of Refrangibility and Colours •, the DifiinCtion 
between compounded and un-compounded colours s the llnchangea* 
blenefs of un-compounded colours? and the AiTertion, that if any one 
of the Prifmatique colours be wholly intercepted, that colour cannot 
be new produced out of the remaining Light by any further Refrac- 
tionor Reflexion whatfoever. And of what ftrength and efficacy 
thefe Particulars are for enforcing the Theory , I defire therefore may 
be now confider’d. 


An Accomptof two Books. 


I. Ottonis de Guericke EXPERIMENT A NOVA MAGDEBVRGT 
CAydeVACVO SPATJO, &G Amftelodami A. i 6 yz. :n fol. 


A Fter that the famous Author of this Book hath made a Narrative 
of the chief Hypothefes and Opinions of both Antient and Recent 
Aftronomers concerningthe Syfteme of the world, and reprefenred 
the great difficulties in the Ptolemaitjue. and TychorJtjue, and repeated 
the Anfwers to the Objections againft the Copernican ? he at large 
gives us his own Thoughts of the Frame and Conllitution of the 
World-, By which World he underftands in this Treatife the Corapks 
of the Planets, difpofed and order’d much after the Copernican way, 
the Sun being feared in the midft, having his Spots about him. 
and moving and influencing all the reft of the Planets according to 
their feveral diftancesfrom him \ Saturn making the utmoft of all the 
Planets, and the End of this his World being there, where the dif- 
fufive power and vertue of the Sun , the King and Go vernor of them, 
all^ terminates > which bounds he conjectures to extend themfelves, 
beyond Saturn , to thofe Fixt Stars that are of the nearer rank to Sa- 
turns Orbe. 

Concerningthe Bodies lodged in thefe Planets, he thinks it con - 
fonant to the Power and Wifdom of the Great Creator, that there 
flxould be fuch a variety of them, as to ftock each of the fiud Planet*, 





